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USE OF 9-DEOXY PROSTAGLANDIN DERIVATIVES 
TO TREAT GLAUCOMA 

Background of the Invention 

The present invention relates generally to the treatment of glaucoma and 
5 ocular hypertension by cydopentane derivatives which are analogues of the 
naturally occurring compounds known as prostaglandins. In particular, the 
present invention relates to Hxe use of 9-deoxy PGFjo arulogues and their 
pharmaceutically acceptable salts, ester and amide derivatives for tiie treatment of 
glaucoma and ocular hypertension. As used herein, the terms "prostaglandin" and 
10 TG" shall refer to prostaglaiidins and derivatives and analogues thereof, except as 
otherwise indicated by context 

Naturally-occurring prostaglandins, including prostaglandins of the F series 
(such as PGFjJ, the E scries (such as PGE^ and the D series (such as PGD^) are 
known to lower intraocular pressure (lOP) after topical ocular instillation, but can 

15 caused marked inflammation as evidenced by conjunctival edema or other 

untoward effects such as conjunctival hyperemia. Many synthetic prostaglandins 
have been observed to lower intraocular pressure, but such compounds also 
produce the aforementioned side effects which greatly limit their clinical utility. 
Attempts have been made by Stjemschantz et al. (US 5,321,128), Woodward et al., 

20 (US 5,093,329), Chan et al. (WO 92/08465) and Ueno et al. (EP 330 511 A2) to 

reduce selectively or to eliminate altogether the side effects while maintaining the 
lOP-lowering effect. 

The Stjemschantz et al. publication is of particular interest as it 
demonstrates that certain prostaglandins which retain the alicydic rings 
25 characteristic of the natural prostaglandins (PGA, PGB, PGD, PGE, PGF) but 

which possess modifications in tiie omega chain maintain the intraocular pressure 
lowering activity of the natural prostaglandins and have fewer adverse effects. 
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All the naturally-occurring prostaglandins known to reduce intraocular 
pressure, including prostaglandins of the F series (such as PGFjJ^ the E series 
(such as PGE2) and the D series (such as PGD2), have an oxygen substituent, either 
a hydroxyl or ketone, in the 9-positioru All known synthetic prostaglandins which 
lower ocular pressure also have a substituent in the 9-position suggesting that 
substitution in the 9-position is important for activity. A further indication for the 
importance of the substituent in the 9-position is provided by Garst et al. 
(WO 94/08587 and WO 94/06432) who describe a series of 11-deoxy prostaglandin 
derivatives which retain intraocular pressure lowering activity. These 
prostaglandin derivatives retain the 9-hydroxy group of the natural prostaglandins 
indicating the necessity of this functionality for therapeutic efficacy. 

Summary of the Invention 

A series of 9-deoxy PGFja derivatives have been shown to bind to the FP 
prqst9glandin receptor and stimulate second messenger expression linked to 
activation of an FP receptor. In particular, a series of 9-deoxy PGF2a derivatives 
are useful in reducing the intraocular pressure and in treating glaucoma while 
exhibiting less adverse effects such as ocular inflammation and conjunctival 
hyperemia than those associated with the ocular use of the natural prostaglandins. 
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DetaUed Description of the Invention 

The 9-deoxy prostaglandin derivatives useful in the present inventiort have 
the general formula (I): 




OH (I) 

5 wherein: 

Y = C(0)NR,R2, CH2OR3, CH2NR1R2, COjRj, CO^M where M is a cationic 
salt moiety; 

Ri , R2 (same or different) = H, Q-C^ alkyl or alkenyl, or Cj-C^ cydoalkyl; 
R3 (same or different) = C(0)R4, H; 
10 R4 = Ci-C^ alkyl or alkenyl, or Ca-C^ cydoalkyl; 

X = 0, S(0)„,CH,; 
n = 0, 1, or 2; 

A = CHjCHj, OS or trans CH=CH, or CsC; 
Z = CH2CH2, trans CH=CH, or C^; 
15 W = (CH2)„ Aryl (CHj)„OAryl where m = 1-6 and Aryl = phenyl, 

optionally substituted with halogen, hydroxy, alkoxy, haloalkyl, amino, or 
acylamino; or W = 




wherein V = H, alkyl, halogen, hydroxy, alkoxy, acryloxy, haloalkyl, amino, 
acylamino, and L = CH^, O, S(0)„, CH^CHj, CH2P,NR, CH=N, CHzSCO)^, 



-3- 




wo 96/10407 PCTAJS95/12171 

CH=CH, CHjNR where m = 0-2 and R is as defined above (hereafter, a 
"described bicyclic"). 

The preferred compounds of formula (I) are those wherein: Y = CO2R1; Ri 
= CH(CH3)CH3, or H; X = CH^; A^cis CH=CH; R = H; Z = CHjCHj, or trms 
5 CH=CH; W = (CHj)^ Aryl, or (CHJ^OAryl where m = 1-3 and Aryl = phenyl 
optionally substituted with CF3, CI, F, or OMe; or W = Wj wherein L = CHj and 
V = H. 

Some of the compounds of formula (I) are novel. These novel compounds 
are those of formula (I) wherein: Y = C(0)NRiR2; CH2OR3, or CHjNRiRa; R„ R2 

10 (same or different) = H, C^-C^alkyl, or CyC^ cydoalkyl; R, R3 (same or different) = 
H, C(0)R^ R4 = C,-C,alkyl, or Cg-C^ cydoalkyl; X = O, S(0)„, or CHj; n = 0, 1, or 2; 
A = CH2CH2; cis or trans CH=CH; or CsC; Z = CH2CH2, trans CH=CH, or C=C; W 
= (CHj)^ Aryl or (CH2)„,OAryl; m = 1-6; and Aryl = phenyl, optionally substituted 
with halogen, hydroxy, alkoxy, haloalkyl, amino, or acylamino. Also novel are 

15 those compounds of formula (I) wherein W is a described bicydic 

The preferred novel 9-deoxy FGFjo derivatives indude those of formula (I) 
wherein: Y = CH2OR3 or C(0)NRiR2; R^ Rj = H or Me; R, = C(0)R^ R4 = C{CH^)^ 
X = CH2; A = cts CH = CH; R = H; Z = CH2-CH2, trans CH = CH; W = (CHdm 
Aryl or {CH^JDAryl where m = 1-3 and Aryl = phenyl, optionally substituted 
20 with CF3, CI, or F. Also preferred are those novel 9-deoxy FGF^ derivatives of 
formula (I) wherein: Y= COJEL^; X = CH^; A = cis CH=CH; R = H; R, = CH(CH3)2; 
Z = CH2CH2, or trans CH = CH; W = wherein L = CH2 and V = H. 

GB 1339,368 assigned to Imperial Chemical Industries (ICI) describes 
alicydic ring modified prostaglandin derivatives of the type useful in the present 
25 invention; however, the 9-deoxy PGF analogues disclosed in the ICI patent are 
used to inhibit the production of gastric add or are effective in the induction of 
labor or parturition in mammals. The ICI patent is hereby incorporated by 
reference to the extent that it describes the preparation and pharmacological 
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profiles of these compounds. 

The compounds of formula (I) can be prepared by employing appropriate 
variations to the pathway disclosed in GB 1^39^68. Such variations are known to 
those skilled in the art For purposes of illustration only, the following Examples 
5 1-4 are representative syntheses of the compounds of the present invention. 

Table 1, below, lists compounds of the present invention which are referred 
to in the following Examples. 



-5- 
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TABLE 1: REPRESENTATI VE COMPOUNDS 





COMPOUND NAME 


COMPOUND STRUCTURE 


n 


(52)-(ll/^. lSR)-n,l5- 
dihydroxy-3-cxa- 17-phenyl- 
1 8. 19,20-tiinor-S-prostenoic 
acid isopropyl ester 




m 


(5Z. 13£)-(11/?. 155)-11,15- 
dihydroxy- 17-phenyl- 
18.19.20-trinor-5.13- 
prostadienoic acid 




rv 


(5Z, 13£)-(11/?, 15/?)-16-(3- 
Chlorophenoxy)- 11,15- 
dihydroxy-17,18.19^0- 

tetranor-5, 1 3-prostadienoic 

aClU IdUUlUL/jrl Co LCI 


HO HO ^ 

CI 


V 


(5Z)-(ll^. l5/?)-lI,15- 
dihydroxy- 1 7-phenyl- 
18,1 9.20-trinor-5-prostenoic 
acid 




VI 


(52)-{ll/?, 15/?)- 11,15- 
dihydroxy-l5-(2-indanyl)- 
16,17,18.19,20-pentanor-5- 
prostenoic acid isopropyl 
ester 
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In the following Examples 1-4, the following standard abbreviations are 
used: g = grams (mg = milligrams); mol = moles (mmol = miUimoles); mL = 
milliliters; mm Hg = millimeters of mercury; mp = melting point; bp = boiling 
point; h = hours; and min = minutes. In addition, "NMR" refers to nuclear 
5 magnetic resonance spectroscopy and "Q MS" refers to chemical ionization mass 
spectrometry. 



-7- 



wo 96/10407 



PCTAJS95;i2171 



EXAMPLE 1: SYNTHESIS OF 9-DEOXY-13A4-DIHYDRO'3-OXA-17-PHENYL 

PGF2a ISOPROPYL ESTER 



.0 



9 - 



BzO XHO 
1 



THPO 



Ph 



OTHP 



RQ 

< 

THPd 



OR 



6thp 

8 R' = H 

9 R' = SiEh 



BzO 




Rd 



6r 

5 R = H 

6 R = THP 



THPd 



Ph 



6thp 



10 



P 



BzO 



Ph 



6h 

4 



O 



THPO 



-Ph 



OTHP 
11 




CO-./-Pr 



HQ 



THPO 



Ph 



OTHP 
14 




XOm-Pt 



Ph 



HO 



6h 



compound II 
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Ar Dimethyl-r2-nxft-A.phgnvlbutvnphosphonate r2V. 

A solution of dimethyl methylphosphonate (26 mL, 0.23 mol) in 500 mL of 
anhydrous THF was cooled to -78 *C and n-BuLi (25 M in hexanes, 110 mL, 027 
mol) was added dropwise at a rate such ihit tiie reaction temperature remained 
5 below -60 "C. The mixhire was stirred for 10 min at -78 °C and then a solution of 
ethyl 3-phenylpropionate (35.2 g, 0.19 mol) in 60 mL of THF was introduced 
dropwise, while maintaining ttie reaction temperature below -60 °C. The resulting 
mixture was stirred at -78 °C for 30 min, then allowed to warm to room 
temperature (2 h) and was stirred at tiiat temperature for 19 h. The reaction was 

10 quenched by careful addition of glacial acetic acid (18 mL) and was then poured 
in CHjClj/HiO (200 mL each). The organic layer was separated and the aqueous 
layer was extracted (2 X 200 mL) with CHzQz. The orgaiuc layers were combined 
and washed sequentially with water (100 mL) and brine (100 mL) and then dried 
(MgS04). Filtration and solvent removal gave 57.4 g (93% crude yield) of 2 as a 

15 yellow liquid. This material was used wittiout furtiier purification. 'H-NMR 



(CDQa) 5 7.24 (m, 5H), 3.74 (d, / = 12.0 Hz, 6H), 3.00 (d, / = 22.4 Hz, 2H), 2.92 (m, 
4H). 

B: (3aR. 4R. 5R. Aa<;V5-fBen7.nylnyyH-f^^^-3-n^f>-'>-rhPrivM-nPn»Pnvn-hexahYdrg- 
2H-cydQpentafh1furan-2-one 



mmol) in anhydrous THF (180 mL) was cooled to 0 *C aiui trietfiylamii\e (9.6 mL, 
69 mmol) was added to it. A white suspension was formed. To this a solution of 
the aldehyde 1 (165 g, 60 mmol) in CHjaj (50 mL) was added dropwise and the 
resulting mixture was stirred at 0 °C for 2 h. The reaction was quenched by 

25 adding 20 mL of a 0.1 N HCl solution and the mixture was partitioned between 
100 mL of EtOAc and 50 mL of water. The organic layer was separated and tiie 
aqueous layer was extracted with 2 X 100 mL of EtOAc. The organic layers were 
combined, and washed with 50 mL of brine arui dried (MgSO,). Solvent removal 
afforded a yellow solid which was recrystallized from EtOAc to give 15 g (60%) of 

30 3 as a white soUd, mp 119 - 120 »H-NMR (CDQj) 5 7.96 (d, / = 8.0 Hz, 2H), 

7.44 (m, 3H), 7.24 (m, 5H), 6.65 (dd, / » 12, 6 Hz, IH), 624 (d, / = 12 Hz, 1 H), 532 



20 



A solution of the phosphonate 2 (22.2 g, 84 mmol) and LiCl (3.0 g, 75 
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(m, IH), 5.09 (m, IH), 2.93 - 2.82 (m, 7H), 2.70 - 2.22 (m, 3H). 

C: r.^aR. 4R. 5R. 6a.<;U5-rBenznylnyyM4fEVr3S^-3-hvdroxv-5-phenvl-l-Pente^^ 
hexahydro-2H-cydQpenfarh1f»ran-2^ne (41: 

A solution of 3 (14.4 g, 34.7 mmol) in 150 mL of anhydrous THF was cooled 
to -23 X and to it a solution of (-)-B<hlorodiisopinocampheyrDorane [(-)-DIP-a] 
(16.7 g, 52 mmol) in 100 mL of anhydrous THF was added dropwise. The mixture 
was stirred at -23 °C f or 4 h and then quenched by adding 20 mL of CH3OH. The 
resulting solution was allowed to warm to room temperature and was stirred at 
this temperature for 14 h. The reaction mixture was poured into 200 mL of 
CH2CI2/IOO mL of water. The layers were separated and the aqueous layer was 
extracted with CHjQj (3 X 50 mL). The combined orgaruc extracts were washed 
with a saturated aqueous NH4CI solution (2 X 50 mL) and dried (MgSO^). 
Filtration and solvent removal gave a colorless liquid which was passed through a 
short plug of silica gel to remove nonpolar-hydrocarbon contaminants. A mixture 
of 4 and its diastereomeric allylic alcohol (94:6 ratio as determined by HFLC) was 
isolated as a white solid (13.4 g, 92% combined yield). This mixture was subjected 
to silica gel chromatography to afford 7.0 g of pure 4 as a waxy solid (RpO.18, 
50% EtOAc ^hexane; the Rf for minor diastereomer being 0.16 in the same solvent 
system). ^H-NMR (CDCI3) 8 7.97 (d, / = 6 Hz, 2H), 7.40 (m, 3H), 7.16 (m, 5H), 5.64 
(m, 2H), 5.25 (m, IH), 5.06 (m, IH), 4.15 (m, IH), 2.95 - 2,50 (m, 7H), 2.20 (m, IH), 
1.80 (m, 3H). 

D: f3aR. 4R. SR. 6aS^ Hexahydro^-ffEVf3SV5-phenvl-3-(tetrahvdrODVran'2-vlQXV)- 
l-pentenyn - 5-/tgtrahvdropyran-2-ylQxv>>2HH:vclopentarb1hAran-2-Qne (6Y 

A mixture of lactone 4 (6,46 g, 15.5 mmol) and K2CO3 (2.14 g, 15.5 mmol) in 
60 mL of CH3OH was stirred at room temperature for 6 h. The reaction mixture 
was poured into 100 mL 1 N HQ and extracted thoroughly with EtOAc (5 X 50 
mL). Combined organic extracts were dried (MgSOJ and concentrated and the 
crude product mixture was purified by passage through a short plug of silica 
(Rr:0.25, EtOAc) to yield 4.11 g of the dihydroxy compound 5. 

A solution of 5 (4.11 g, 13.1 irunol) and dihydropyran (5.0 mL, 52.6 mmol) 
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in CHjClj (50 mL) was cooled to 0 "C. A catalytic amount of p-TsOH (0.02 g, 0.1 
mmol) was added and the mixture was stirred at 0 'XZ for 30 min and then 
quenched by adding sahirated aqueous NaHCOj (10 mL). The layers were 
separated and the aqueous layer was extracted with 2 X 25 mL of CH2CI2. 
5 Combined organic extracts were dried (K2CO3), fUtered and concentrated to afford 
a colorless oil which was subjected to chromatography on silica (Rf=Q3l, 50% 
EtOAc/hexane). The bis-THP ether 6 (6.44 g, 86% yield from 4) was isolated as a 
colorless oU. »H-NMR (CDCI3) 6 (characteristic peaks only) 7.20 (m, 5H), 5.58 (m, 
2H), 4.95 (m, IH), 4.65 (m, 2H), 3.46 (m, 2H). 

10 E: f3aR. 4R. 5R . 6a.S^ HexahyHrrv4-fr.^R>.5-phenyl-3-rtfitrahvdronvran-2- 

yloxy>pentyll-5-Ugtrahydropyran-2-yloxyV2H-cyclopentafMfliran-2-Qnfif7): 

A solution of the lactone 6 (6.44 g, 13.4 mmol) in 50 mL of EtOAc was 
hydiogenated in tiie presence of 10% Pd/carbon (0.15 g) at 40 psi in a Parr 
hydrogenation apparatus for 4 h. The reaction mixture was filtered tiurough Celite 

15 and the filtrate was concentrated to afford 7 (6.5 g, 99% yield) as a colorless oil. 
'H-NMR (CDQa) 8 (characteristic peaks only) 7.22 (m, 5H), 5.00 (m, IH), 4.76 (m, 
2H), 352 (m, 2H). 

F: (9S. IIR. 15RM1.15 .BLS-^teta-ahydropyran-2-vloxvV?3.45.6.18.1920-QCtanQr-17- 
phenyl-9-ltriethylsilyloxy^prostanol TriethylsUyl Ether f9): 

20 The lactone 7 (6.5 g, 13.4 mmol) was dissolved in 100 mL of anhydrous 

THF and tiiis solution was added dropwise to a cold (0 XI) suspension of lithium 
aluminum hydride (1.5 g, 40.2 mmol) in 100 mL of THF. The reaction mbcture 
was allowed to warm to room temperature slowly arul stirred at *at temperature 
for 14 h. The reaction was cooled to 0 "C and quenched by the sequential addition 

25 of 1.5 mL HjO, 1.5 mL 15% aqueous NaOH and 4.5 mL HjO. The resulting 
suspension was weumed to room temperature and filtered through a pad of 
anhydrous MgS04. The filter cake was washed thoroughly with EtOAc. 
Evaporation of the filtrate gave 5.59 g of the diol 8 (Rr=0.26, EtOAc) as a colorless 
oil. 

30 A solution of diol 8 (5.59 g, 11.5 nunol), triethylamine (9.6 mL, 69 mmol). 
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chlorotriethykilane (5.84 mU 34.5 mmol) and N,N-dimethylaminopyridine (0.1 g, 
0.83 nunol) in 200 mL of CH2CI2 was stirred at room temperature for 12 h. The 
reaction mixture was poured into 100 mL of H2O, the layers were separated and 
the aqueous layer was extracted with 2 X 25 mL of CHjClj. The combined organic 
layers were dried (MgS04), filtered and concentrated to afford a yellow liquid 
which was chromatographed on silica (Rr=0.25, 10% EtOAc/hexane). Bis-silyl 
ether 9 (8.44g, 88% yield from 7) was obtained as a slightly yellow oil. 

G; (? 5, UK 15R)-lL15-Bis-(tetrahydropyran'2-yloxy}-2^.4r5,6,lftr^ 

phenyl-9-ftriethylsilyloxylprostanal flO^: 

A solution of oxalyl chloride (2.7 mL, 29.5 mmol) in anhydrous CH2CI2 (20 
mL) was cooled to -7ff*C under and to it a solution of DMSO (4.1 mL, 59.0 
mmol) in CH2CI2 (5 mL) was added dropwise. After 3 min, a solution of 9 (8.49 g, 
11.8 mmol) in 25 mL of CH2CI2 was added in a dropwise manner to the reaction 
mixture. The resulting mixture was stirred at -78 ''C for 3 h at which time 
triethylamine (8.2 mL, 59.0 mmol) was added and the resulting slurry was allowed 
to warm to room temperature over a period of 15 min. The reaction mixture was 
partitioned between 100 mL of EtOAc and 25 mL of water. The aqueous layer 
was extracted with 50 mL of EtOAc The combined organic layers were washed 
with brine and dried over MgS04. Filtration and concentration gave a yellow oil 
which was subjected to chromatography on silica gel (Rf 0.53 30% EtOAc/hexane) 
to yield 10 (8,0 g, 99% yield) as a sUghtly yeUow oil. 'H-NMR (CDQa) 5 
(characteristic peaks only) 9.80 (s, IH), 7.24 (m, 5H), 4.62 (m, 2H), 0.89 (distorted t, 
9H), 0.57 (distorted q, 6H). 
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H: (5Z\^(9S. UR. 15R V 11-rS>Rif;-(tetrahvdropvran-2>yloxvV2^.41ft 19 ?0-hexm^^ 
17*phgnyl-9-ftriethylsayloxyV 5-prostenQir Arid Methyl Ester (11): 

A solution of 18-crown-6 (10.6 g, 40^ nunol), and bis (2^>trifluoroethyi)- 
(metttoxycarbonylinethyl)phosphonate (4.7 g, 14.7 mmol) in anhydrous THF (10 
5 n\L) was cooled to -78 under a N2 atmosphere. Potassium bis(trimethylsilyl) 
amide (03 M in toluene, 29.4 mL, 14.7 mmol) was added to the above mixture and 
the solution was stirred for 15 min. A solution of the aldehyde 10 (8.0 g, 13.4 
mmol) in 50 mL of THF was added dropwise over a period of 15 min. The 
resulting nuxture was stirred at -78 °C for 1.5 h and was ttien brou^t to 0 ^ over 

10 a period of 30 min. The reaction was quenched at 0 with saturated aqueous 

NH4CI (100 mL) and the mixture was allowed to warm to room temperature. The 
layers were separated and the aqueous layer was extracted with 2 X 50 mL of 
EtOAc. The combined organic layers were washed with 2 X 50 mL of brine and 
dried (MgSOJ. Filtration and solvent removal gave a yellow slurry which was 

15 passed through a short plug of silica gel to afford a mixture of 11 and its £ isomer 
(9:1 ratio respectively, 8.1 g, 93% combined yield). Isomers were separated by 
chromatography on silica gel (Rf=0.58, and 0.54, for 11 and the minor isomer 
respectively, 30% EtOAc/hexane); 4.32 g of pure 11 was isolated. ^H-NMR 
(CDCI3) 5 (characteristic peaks only) 725 (m, 5H), 6.42 (m, IH), 5.78 (d, / = 11 Hz, 

20 IH), 4.65 (m, 2H), 3.68 (s, 3H), 0.93 (distorted t, 9H), 0.58 (distorted q, 6H). 

I: (5Z^-f95;. UR. 15RV n .l5-Bi<;-rtetrahvdropvran-2-vloxvV2n34,18,l?20-hexanO^^ 
hydrQxy-17>phenyl-5-prQsten-l-Ql (13): 

A solution of 11 (432 g, 6.6 rrunol) in 50 mL of ar\hydrous THF was cooled 
to 0 °C and DIBAL-H (1.5 M in toluene, 13.2 mL, 19.8 mmol) was added to it. The 

25 resulting mixture was stirred at the same temperature for 2 h. The reaction was 
quenched by the careful addition of 100 mL of a saturated aqueous solution of 
sodium potassium tartrate. The resulting biphasic mixture was stirred vigoroiisly 
for Ih. The layers were separated and the aqueous layer was extracted with 3 X 
50 mL of EtOAc. The combined organic layers were dried QA^O^r filtered and 

30 concentrated to afford 4.23 g (quantitative yield) of 12 (11^=0.33, 30% 
EtOAc/hexane) as a colorless liquid. 
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A solution of the aUyl alcohol 12 (0.63 g, 1.0 mmol) in 5.0 mL of THF was 
treated with tetrabutylanunonium fluoride (1.0 M in THF, 1-5 mL, 1.5 mmol) at 
room temperature for 5 min. The reaction mixture was poured into brine (10 mL) 
and the aqueous layer was extracted with ether (4 X 10 mL). The combined 
organic layers were dried (MgSOJ, filtered, and concentrated. The crude was 
purified by chromatography on silica gel (R,=0.15, 50% EtOAc/hexane) to afford 
13 (0.48 g, 93% yield) as a colorless oil. 

jr rszWQ.s.n R . 15RV11 ■i5-Bi.s-ftetrahvdropvran-2-vloxv)-9-hYdrnxv-3-ftxa-17- 

phpnyl-18.19.2n-trinor-5- prfi«ifrpnnir Arid Isopropvl Rster (UY 

A biphasic mixture of ttie diol 13 (0.48 g, 0.93 mmol), to>uene (5 mL), 
tetrabutylammonium hydrogensulfate (30 mg, 0.08 mmol), and aqueous NaOH 
(25% w/v, 5 mL) was cooled to 0 °C while stirring vigorously. To this mixture 
isopropyl bromoacetate (0.5 g, 2.8 nunol) was added dropwise. The nuxture was 
stirred at 0 **C for 30 min and then at room temperature for 30 min. The layers 
were separated at this time and the aqueous layer was extracted with 10 mL of 
toluene. The combined organic layers were washed with water, and brine (5 mL 
each), dried (MgSOJ, and concentrated. The crude mixture was chromatographed 
on siUca (Rr=0.45, 50% EtOAc/hexane) to afford 14 (0.37 g, 65% yield) as a 
colorless oil. 'H-NMR (CDCI3) 5 (characteristic peaks only) 7.25 (m, 5H), 5.72 (m, 
2H), 5.14 (distorted septet, IH), 4.63 (m, 2H), 3.48 (m, 2H), 1.25 rd, / = 6 Hz, 6H). 

K: r5Z^-f9R HR- 15RV11.1S-nihydrox v -^-indo-3-oxa-17-phenvl-18.1920-trinQr-?- 

prostenpic Arid Isoprftpyl Ester (15): 

A solution of the ester 14 (0.265 g, 0.433 mmol) in anhydrous pyridine (2.0 
mL) was cooled to 0 "X: and to it methanesulfonyl chloride (0.07 mL, 0.866 mmol) 
was added dropwise. The resulting mixture was kept at 0 "C for 30 min and then 
allowed to warm to ambient temperature (2 h). At this time the reaction mixUire 
was transferred via cannula to a flask containing a suspension of tetrabutyl- 
ammonium iodide (0.79 g, 2.16 mmol) in toluene (5.0 mL), and the resulting 
solution was heated at 60 *C for 3 h The reaction mixture was then cooled to 
room temperature and partitioned between eti\yl acetate (100 mL), and 10% 
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solution of NaHS04 (50 mL). The organic layer was washed with saturated CuSO^ 
(2 X 10 mL) dried (NazSOJ filtered and concentrated. The crude yellow liquid 
was used in the next step. 

The crude mixture obtained above was taken up in 20 mL of methanol and 
5 0.5 mL of water, cooled to 0X1 and to it 1.0 mL of concentrated HCl was added. 
The mixture was stirred at 0 "C for 15 min and then at room temperature for an 
additiorukl 30 min. The reaction was then quendied by adding solid NaHCOj and 
transferred to a separatory funnel containing 20 mL each of CHCI3 and water. 
The layers were separated and the aqueous layer was extracted with 3 X 20 mL of 

10 CHa,. The combined organic layers were washed with 2 X 10 mL of water, 10 
mL of brine and dried (NazSOJ. After filtration and concentration, the crude 
residue was purified by chromatography on silica gel. The desired product 15 
(R^03, 60% EtOAc/hexane) was isolated as colorless oil (32 mg, 11% yield from 
14). ^H-NMR (CDQa) 5 730-7.17 (m, 5H), 5.68 (m, 2H), 5.09 (septet, / = 6.4 Hz, 

15 IH), 4.32-3.95 (m, 6H), 3.68 (m, IH), 2.75 (m, 2H), 236 (m, 3H), 2.20 (m, 3H), 1.83- 
135 (m, 8H), 1.24 (d, / = 6.6 Hz, 6H); "C-NMR (CDCI3) 5 170.26, 142.08, 131-78, 
128.40, 12835, 126.77, 125.81, 75.73, 7055, 68.81, 67.66, 66.66, 61.19, 54.17, 51.09, 
44.43, 39.09, 34.81, 32.20, 30.19, 29.73, 21.79. 

L: (5Z)-(UR. 15RM1. 15-Dihydroy y-.Wa-17-phPnvl-18.1920-trinor-5-PrPStenoiC 

20 Add Isopropyl Rster (m: 

To a solution of the iodoester 15 (32 mg, 0.05 mmol) and AIBN (10 mg) in 
1.0 mL of anhydroiis toluene, BuaSrtfi (0.03 g, 0.10 mmol) was added. The 
resulting mixture was heated at reflux for 3 h. The reaction mixture was cooled to 
room temperature, ttw solvent was evaporated and the residue was purified by 

25 chromatography on siUca geL Compound II (Rr=023, 60% EtOAc/hexane) was 
isolated as colorless oU (22 mg, 957o yield). 'H-NMR (CDCI3) 5 729-7.17 (m, 5H), 
5.72 (m, 2H), 5.10 (septet, / = 6.4 Hz, IH), 4.00 (m, 4H), 3.92 (m, IH), 3.69 (m, IH), 
2.75 (m, 2H), 222 (m, IH), 2.08 (m, IH), 1.98 - 131 (m, 14H), 1.27 (d, / = 6.6 Hz, 
6H); "C-NMR (CDCI3) 5 170.06, 142.14, 134.43, 12838, 126.53, 125.79, 79.10, 72.00, 

30 71.34, 68.48, 67.17, 5330, 44.09, 39.02, 38.19, 35.36, 34.20, 32.14, 29.05, 28.93, 21.79; 
HRMS (MH)* calcd. for QsHajOs 419.27975, found 419.27920. 
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EXAMPLE 2: SYNTHESIS OF 9-DEOXY.17-PHENYL PGF^^^ 
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CHO 



(MeO)2P(0) 
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THPO 



4 R ^ Bz; R = H 

5 R.R «H 

6 R.R =THP 

OH 



COjMe 



OTHP 



THPO 



17 



16 




OTHP 



TsO 





AcO 



OAc 



ie R=THP 
19 R = Ac 



20 





21 R»Ac 

22 R:=H 
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At rsz. l^EU9<;. IIR. 15S\-11. 15-Bis-(tetrahvdropvraTT?-vloYvVQ-hvdrOXY-17' 
phenyl.l8.19^Q-trmor-5.13-prostadienoic Add Methvl Ester fl7): 

A solution of the lactone 6 (3.4 g, 7.08 mmol) (see Example 1) in dry THF 
(50 mL) was cooled to -78 and to it was added DIBAL-H (6,0 mU 15 M in 
5 toluene). The mixture was stirred at -78 for 15 min and then quenched by the 
addition of 10 mL of meflianol. The resulting mixture was warmed to room 
temperature^ 50 mL of a saturated solution of potassium sodium tartrate was 
added and stirred for an additional hour. The layers were separated and the 
aqueous layer was washed with 2 X 20 mL of EtOAc. Combined organic layers 
10 were dried (Na2S04), filtered and concentrated to afford 3.2 g of lactol 16 

(quantitative yield). The crude product mixture was used in the next reaction 
without further purification. 

A suspension of (4-<:arboxybutyl)triphenylphosphoniimi bromide (13.3 g. 
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30.0 nunol) in THF (40 mL) was cooled to 0 °C and was treated with a solution of 
potassium tert-butoxide in THF (60 mL, 1.0 M in THF). The resulting mixture was 
stirred for 30 min at which time a solution of the lactoi 16 (3.2 g, 6.6 mmol) in 
THF (20 mL) was added. The reaction was allowed to warm to room temperature 
and stirred at that temperature for 12 h. The reaction mixture was poured into a 
separatory funnel containing 50 mL each of EtOAc and sat. NH4CI. The layers 
were separated and the aqueotis layer was washed with 2 X 20 mL of EtOAc. 
Combined organic layers were dried (Na2S04), filtered and concentrated. The 
crude product mixture was dissolved in CHjCij, cooled to 0 X1 and then treated 
with excess ethereal diazomethane. Solvent was removed and the crude ester was 
applied to a silica gel column for chromatography. The ester 17 (JRf=Q3, 
EtOAc/hexane 1:2) was Isolated as a slightly yellow oil (2.74 g, 80% yield from 6). 

B; f52. 13E)-f9S, IIR. 15S)-lL15'BiHtetrahydropyran'^ylc>xy}'17-phenyl-^^^^ 
toluenesulfonyloxy-18,19.2Q-trinor-5.13-prDStadienoic Acid Methyl Ester (18): 

A mixture consisting of the ester 17 (2.74 g, 4.8 mmol) and TsCl (3.66 g, 19.2 
mmol) in anhydrous pyridine (40 mL) was stirred at 0 *C for 4 h and then at room 
temiDerature for 48 h. The reaction mixture was then poured into 200 mL of ice- 
cold water and extracted with 4 X 30 mL of benzene. The combLied organic 
layers were washed with 2 X 50 mL of a IM solution of NaHS04 and brine. The 
organic phase was dried {Na-^O^), filtered and concentrated. The crude product 
was purified by chromatography on silica gel. The tosylate 18 was isolated as a 
slightly yellow oil (2.23 g, 65% yield). 

C: (5Z. 13EVfQ5;. IIR. ISSVIl. 15>Bis-acetoxv-17>phenvl-9-^-toluenesulfonvlQXV 
18.19^Q-trino r-5.13-prostadienoic Acid Methvl Ester (19): 

A solution of ester 18 (2.23 g, 3.08 mmol) in dry methanol (40 mL) was 
treated with boron trifluoride etherate (2 drops) for 30 min at room temperature. 
At which time triethylamine (0.5 mL) was added, the solvent was removed and 
the residue was taken up in 30 mL of benzene. To this solution 100 mg of 4- 
dimethylaminopyridine, 5,0 mL of triethylamine and 3.0 mL of acetic anhydride 
were added and the resulting mixture was stirred at room temperature for 15 min. 
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The reaction was then quenched by pouring it into a biphasic mixture of EtOAc 
and water. The layers were separated and aqueous layer was extracted with 3 X 
20 mL of EtOAc. The combined organic layers were washed with sat NaHCOj, 
and brine, dried over Na^^ fdtered and concentrated. The bis-acetate 19 (1^5 g, 
5 64% yield) was isolated as a colorless oil after chromatography of the crude on 
silica (Rr=0.4, EtOAc/hexane 1:2). 

D: (5Z. IIR. ISSMl. 15-Bis.acft9yy'9-chloro^17-phpnvl-18.192Q-trinQr- 

5.13-prQStadignoic Acid Methyl feter (lOV 

A mixture of tosylate 19 (1.25, 1.97 mmol) and LiCl (1.7 g, 40 mmol) in 40 
10 mL of acetone was stirred at room temperature for 3 days. The solvent was 

removed and the crude residue was partitioned between 50 mL each of EtOAc 
and water. The organic layer was washed with brine, dried (NajSO^) and 
concentrated. The crude residue was purified by chromatography on silica gel to 
afford 20 (570 mg, 52% yield) as a yellow oil. 

15 E: (5Z, ISSVIl, 15-Bis-aretnYv.17-phgnvl-18.1920-trinor-5.13- 

prostadienoic Acid Methyl Ester (11): 

A solution containing 20 (570 mg, 1.07 mmol), BusSnH (1.5 mL, 5.7 mmol) 
and a trace amount of AIBN in 10 mL of dry benzene was heated at 50 **C under 
an atmosphere of N2 for 3 h. The solvent was then removed and the residue was 

20 dissolved in 150 mL of C3i3CN and washed with 3 x 50 mL of hexanes. The 

combined hexane layers were washed with 2 X 20 mL of CH3CN. The acetonitrile 
layers were combined and evaporated and the residue was applied to a column of 
silica gel for chromatographic purification. Ester 21 (455 mg, quantitative yield) 
was isolated as a colorless oil. 

25 F: (5Z. 13FW11R. ISSVIL 15-DihydrnYy-17-phftnvl-18.1920-trinor-5.13- 
prostadiennir Arid Methyl Rsfpr (12Y. 

A mixture of 22 (455 mg, 0.99 mmol) and K2CO3 (200 mg) in 10 mL of 
methanol was stirred at room temperature for 2 h. Water (10 mL) was added and 
the pH of the reaction mixtiire was adjusted to 2-3 with IN HCl solution. Solva\t 
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was removed and the residue was partitioned between EtOAc/water (20 mL 
each). The aqueous layer was extracted with 2 X 20 mL of EtOAc. The organic 
layers were combined and dried (Na^SOJ. Filtration and solvent removal gave 
crude 22 as a yellow oil, which was purified by chromatography on silica gel 
(Rr=0.14, 1:1 EtOAc/hexane) to afford 160 mg (43% yield) of 22 as a colorless 
liquid. 

G; ( 5Z, 15SHL l^Dihydroxy-17'phfnyl-1ft,19r2(^trinpr'5,13- 

prostadienQic Acid (III): 

A solution of ester 22 (160 mg, 0.41 mmol) in 5 mL of methanol was treated 
with 2.0 mL of IN NaOH for a period of 2 h at room temperature. The nuxture 
was then acidified to pH 2 witf\ IN HCl and extracted with EtOAc (4 X 20 mL), 
Combined organic layers were washed with brine and dried (NaiSOJ. The crude 
product, after filtration and solvent removal, was purified by passage through a 
short pad of silica gel using a mixture of hexane/acetone/ water (4:3:1) as the 
eluent. Compoimd III (107 mg, 70% yield) was obtained as a colorless viscous 
liquid. *H-NMR (CDO^) 5 7.29-7,15 (m, 5H), 5.56-5,20 (broad m, 7H), 4.10 (q, / = 
6.5 Hz, IH), 3.81 (q, / = 7.7 Hz, IH), 2.66 (m, 2H), 2,29 (m, 2H), 2.17-1.24 (broad, 
13H); *^C-NMR (CDCy 5 177.80, 141.85, 134.78, 133.49, 129.39, 128.96, 
128,41,128,37, 125.82, 78.05, 7234, 57.73, 43.07, 38.51, 33.05 32.33, 31.81, 31.70, 27.60, 
26.36, 24.50. 
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EXAMPLE 3: SYNTHESIS OF 9-DEOXYCLOPROSTENOL ISOPROPYL ESTER 
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A: Ethyl rS-chlorophenoxy^acgtate (24): 

To a mixture of 320 mL of acetone, 75 g (450 mmol) of ethyl bromoacetate, 
and 40.0 g (310 mmol) of 3<hlorophenol (23) was added 69,8 g (505 mmol) of 
potassium carbonate. The mixture was mechanically stirred and heated to reflux 
5 for 4h, and after cooling to room temperature, was poured into 350 mL of ethyl 
acetate. To this was then cautiously added 400 mL of 1 M HCl, taking care to 
avoid excess foanung. The layers were separated, and the aqueous layer was 
extracted with 3 X 200 mL portions of ethyl acetate. The combined orgaruc layers 
were dried over MgS04 and concentrated. The residue was melted in 500 mL of 
10 hot hexane and allowed to re-solidify. Filtration of the solution afforded 58 g 



(87%) of 24 as a flaky white soUd, m.p. = 39-40 ^C. % NMP. 6 7.20-7.08 (m, IH), 
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6.95-6.82 (m, 2H), 6.75-6.70 (m, IH), 4.53 (s, 2H), 4.21 (q, / = 7.2 Hz, 2H), L23 (t / = 
7.2 Hz, 3H). 

B: Dimethyl [3-f3 -chlQrophenoxvV2-oxoprop-l-vl1phosphQnate (25): 

To 20.6 g (166 mmol, 238 mol %) of dimethyl methylphosphonate in 110 mL 
5 of THF at -78X: was added dropwise 65 mL (162 mmol, 232 mol %) of a 2.5 M 

solution of n-BuLi in hexanes. After the addition was complete, the mixture stirred 
for an additional Ih, at which time 15.0 g (69.9 mmol) of aryloxyester 24 was 
added dropwise as a solution in 40 mL of THF. The reaction was stirred for Ih 
and ttien quenched by the addition of 100 mL of saturated NH4a. Ihe mixture 

10 was poured into 200 mL of a 1:1 mixture of saturated brine: etttyl acetate, the 
layers were separated, and the aqueous layer was extracted with 2 X 100 mL 
portions of ethyl acetate. The combined organic layers were dried over MgS04 
and concentrated, and the residue was dried on a pump to afford 20.5 g (100%) of 
25 as a viscous oU. ^H NMR 5 7.22 (t, / = 8.1 Hz, IH), 7.05-6.90 (m, 2H), 6.85-6.78 

15 (m, IH), 4.72 (s, 2H), 3.84 (s, 3H), 3.78 (s, 3H), 3.27 (d, / = 22.8 Hz, 2H). 

C: (3aR. 4R. 5R, 6a.S VS-rBen7nylnyy^>44rEW>(3>chlorophenoxvV3-OXO-l-butenYl1' 
hexahydro-2H^yclopentarb1hiran-2-one ^26): 

To a mixture of 20.5 g (70.0 mmol) of phosphorate 25, 2.6 g (62 mmol) of 
Ua, and 200 mL of THF at 0 ^ was added 6.10 g (60.4 mmol) of NEty The 

20 mixture became thick as a precipitate formed. At that time 14.0 g (51.1 mmol) of 
aldehyde 1 dissolved in 50 mL of CHjClj was added dropwise. After Ih the 
reaction was poured into 200 mL of a 1:1 mixture of saturated NH4a:ethyl acetate, 
the layers were separated, and ti\e aqueous layer was extracted with 2 X 100 mL 
portions of ethyl acetate. The combined organic layers were dried over MgS04 

25 and concentrated, and the residue was flash chromatographed on a 28 cm tall X 51 
mm diameter silica gel column eluting with 3:2 v/v ethyl acetateiiexanes to afford 
16.2 g (72%) of 26 as a white crystalline solid, m.p. = 101.0-102.0 ^C. 'H NMR 5 
8.0-7.9 (m, 2H), 7.62-7.52 (m, IH), 7,50-7.38 (m, 2H), 7.18 (t, / = 8.2 Hz, IH), 7.0- 
6.82 (m, 3H), 6.75-6,70 (m, IH), 6.54 (d, / = 151.1 Hz, IH), 5.32 (q, / = 6.2 Hz, IH), 

30 5.08 (m, IH), 4.66 (s, 2H), 3.0-2,8 (m, 3H), 2.7-2.2 (m, 3H). 
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D: f3a/?. 4R. 5 R. 6aSV5-men2oy>oxv)-4-ffEVf3RM-r3-chlorQnhpnnxv)-3-hvdrQXY-l- 
butenyl)-hexahydrt>-2H-cyFlopentafb]furan-2-one (27) : 

To a solution of 9.70 g (22.0 nunol) of enone 26 in 60 mL of THF at -23 X: 
was added dropwise a solution of 11.1 g (34.6 minol) of (-)-DIPCl in 30 mL of 
THF. After 4h, the reaction was quenched at -23 "C by the dropwise addition of 5 
mL of methanol, and was warmed to room temperature. The mixture was then 
poured into 200 mL of a 2:1 mixture of ethyl acetate: saturated NH^Q, the layers 
were separated, and the aqueous phase was extracted with 2 X 100 mL portions of 
ethyl acetate. The combined organic layers were dried over MgSO^, concentrated, 
and the residue was flash chromatographed on a 33 cm tall X 76 mm diameter 
silica gel column eluting with 3:2 v/v ethyl acetate:hexanes to afford 4.7 g (48%) of 
27 as a white soUd, m. p. 101.0-102.5 'C. 'H NMR 6 8.05-7.95 (m, 2H), 7.62-7.40 
(m, 3H), 7.18 (t, / = 8.0 Hz, IH), 7.0-6.92 (m, IH), 6.85 (t, / = 2.1 Hz, IH), 6.77-6.70 
(m, IH), 5.85 (d of d, / = 6.2, 15.5 Hz, IH), 5.72 (d of d, / = 4.5, 15.5 Hz, IH), 5.30 
(q, / = 5.8 Hz, IH), 5.12-5.04 (m, IH), 458-4.48 (m, IH), 3.92 (d of d, / = 3.5, 9.3 
Hz, IH), 3.80 (d of d, / = 7.3, 9.4 Hz, IH), 2.9-2.2 (m, 8H). 

E: f3aR. 4R. SR. 6aSM-frEVf3R>.4-f3-Chlofoph«mnxvV.Vrtetrahvdronvran-2-vloxv)- 
l-butenyl1-he xahydro-5-^tPtrahydropyran-2-yloxyV2H-cyclopentalblhiran-2-one 

m 

To a mixture of 5.1 g (115 mmol) of 27 and 200 mL of methanol was added 
1.7 g (12 mmol) of KjCOj. After Ih the mixhire was poured into 100 mL of 0.5 N 
HCl and extracted with 3 X 100 mL portions of etiiyl acetate. The combined 
orgaiuc layers were washed successively with 2 X 100 mL portions of water and 2 
X 100 mL portions of saturated brine. The organic layer was dried over MgS04, 
filtered, and concentrated to afford 4.85 g (>100%) of crude diol 28, which was 
used in the next step without further purificatiorv 
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To a mixture of 4.85 g of crude 28 (11.5 mmol = 3.9 g of 28 present in the 
sample if previous step gave 100% yield) and 2.4 g (28 mmol) of 3,4-dihydro-2-H- 
pyran in 75 mL of CH2CI2 at 0 ^ was added 370 mg (1.9 mmol) of p-TsOH. After 
stirring for 45 min, the reaction was poured into 40 mL of saturated aqueous 
5 NaHCOa, the layers were separated, and die aqueous layer was extracted with 2 X 
40 mL portions of CHjaj. The combined organic layers were dried over MgSO^, 
filtered and concentrated. The residue was flash chromatographed on a 20 cm tall 
X 41 mm diameter silica gel column, eluting with 40% ethyl acetate in hexanes, to 
afford 6.0 g (100%) of 29 as an oil. NMR (CDQa) 5 (characteristic peaks only) 
10 7.25-7.14 (m, lH)/6.95-6.87 (m, 2H), 6,83-6.72 (m, III), 5.8-5.4 (m, 4H), 5.1-4.8 (m, 
2H). 

F; f5Z, 13EH9S, UK, 15R)-ll,l^Bis(tetrahydropyrm-2-ylPxy)lH3-^^ 

9-hvdrQxv-17.18.19^n-tetranor-5.13-prostadienoir Add Isopropvl B?ter f32): 

To a solution of 5.8 g (11.4 mmol) of lactone 29 in 55 mL of THF at -78 Xl 

15 w?s added dropwise 10 mL (15 mmol) of a 1-5 M solution of DIBAL in toluene. 

After Ih 10 mL of methanol was added dropwise, and the mixture was stirred for 
10 min at -78 before being warmed to room temperature. The mixture was 
poured into 100 mL of a 1:1 solution of saturated aqueous potassium sodium 
tartrate:ethyl acetate and was stirred until the emulsion broke. After separating 

20 the layers, the aqueous layer was extracted with 2 X 40 mL portions of ethyl 
acetate, the combined organic layers were dried over MgS04, filtered, and 
concentrated, and the residue was flash chromatographed on a 22 cm tall X 41 
mm diameter silica gel column eluting with 3:2 ethyl acetateJiexane to afford 4.4 g 
(767o) of lactol 30, which was used immediately in the next step. 

25 To 12.1 g (273 mmol) of phosphonium salt 31 in 100 mL of THF at 0 °C 

was added dropwise 50.0 mL of a 1 M solution in THF of potassium t-butoxide. 
After 30 min, a solution of 4.4 g (8.6 mmol) of lactol 30 in 20 mL of THF was 
added dropwise, and the mixture was stirred at room temperature overnight. The 
mixture was then poured into 150 mL of a 1:1 mixture of ethyl acetateisaturated 

30 aqueous NH4CI, the layers were separated, and the aqueoxis layer was extracted 
with 2 X 100 mL portions of ethyl acetate. The combined organic layers were 
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dried over MgSO^, filtered, and concentrated, and the residue was dissolved in 80 
mL of acetone. To this was added successively 6.5 g (43 mmol) of DBU and 7.3 g 
(43 mmol) of isopropyl iodide. After stirring overnight, the reaction was poured 
into 100 mL of a 1:1 mixture of ethyl acetate:saturated aqueous NH^Q, the layers 
were separated, and the aqueous layer was extracted with 2 X 100 mL portions of 
ethyl acetate. The combined organic layers were dried over MgSO^, filtered, and 
concentrated, and the residue was flash chromatographed on a 27 cm tall X 41 
mm diameter silica gel column eluting with 40% ethyl acetate in hexane to afford 
2.92 g (53% from lactone 29) of ester 32. 

G: (5Z. 13EUnR. 15J?>-11. 15-Bisftetrahydropyran-2-yloxy)-16-(3-chlorophenoxY)- 
171819^0-tetranor-5. 13-prQstadienol (33): 

To a solution of ester 32 (1.34 g, 2.11 mmol) in pyridine (18 mL) at 0 *x: was 
added dropwise mesyl chloride (590 mg, 5.2 mmol). After stirring overnight (18h) 
at 0 *C the reaction was poured into a mixture of 50 mL of sat. CUSO4/75 mL of 
EtOAc. The resulting suspension was filtered through Celite, the layers were 
separated, the aqueous layer was extracted with EtOAc (2 X 50 mL). The 
combined orgaruc layers were dried (MgSOJ, filtered and concentrated and the 
residue was purified by chromatography on silica gel to afford the intermediate 
9a-mesylate (1.32 g, 88% yield). 

This mesylate was dissolved in 16 mL of THF, the solution was cooled to 
0 ^ and to it LiEtaBH (11.0 mL, 1.0 M in THF) was added dropwise. The reaction 
was stirred at 0 **C for Ih, and then at room temperature for 18h. At this time 60 
mL of sat. NH4CI solution was added and the resulting mixture was extracted 
with EtOAc (3 X 50 mL). The combined organic extracts were dried (MgSOJ, 
filtered and concentrated. The crude product mixture was purified by 
chromatography on silica gel (Rr=0.5, 40% EtOAc/hexane) to afford 33 (726 mg, 
69% yield). 
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H: f5Z. laEVfllR. 1 5 ^^11 - 15-Bic;^tetrahvdropvran-?-vloxvH6-f3-rhlorOPhmftXV)^ 
17.18.19.2n>tgtrannr>S. 13-prostadienoic Aciri Tsopronvl Ester (34): 

A mixture of 33 (190 mg, 0.33 mmol), PDC (650 mr, 1.73 mmol) and DMF 
(4.5 mL) was stirred at rcx)m temperature for 24h. The reaction was then 
5 partitioned between 25 mL of EtOAc and 20 mL of water. The layers were 

separated and the aqueous layer was extracted with 2 X 25 mL of EtOAc. The 
combined organic extracts were dried {Ndi^^r filtered and concentrated. The 
residue was dissolved in acetone (15 mL) and to it DBU (110 mg, 0.73 mmol) and 
isopropyl iodide (120 mg, 0.70 mmol) were added. The resulting mixture was 

10 stirred for 18h at room temperature and was then partitioned between EtOAc (25 
mL) and sat. NHjCl (15 mL), The layers were separated and the aqueous layer 
was extracted with 2 X 25 mL of EtOAc. The organic extracts were combined and 
dried (MgSOJ, filtered and concentrated. The residue was purified by 
chromatography on silica gel (Rr^O.6, 30% EtOAc/hexane) to yield 34 (115 mg, 

15 56%). 

L (5Z. 13EW11R, i5RVi6-f3-ChlorophPnnxvML l5-dihvdroxvl7,18,192(Metranor- 

5. 13-prQStadienoic Add Isopropyl Ester (IV): 

A solution of 34 (79 mg, 0.13 mmol), water (1.0 mL), isoprcpyl alcohol (10 

mL) and 12 N HCl (800 viL) was stirred at room temperature for Ih. At this time 
20 12 mL of a sat NaHCOj solution was added dropwise and the resulting mixture 

was extracted with EtOAc (3 X 25 mL). The combined organic extracts were dried 

(MgSOJ, filtered and concentrated and the residue was applied to a column of 

silica gel for chromatographic purification (R,=0.5, 60% EtOAc/hexane). 

Compoxmd IV (48 mg, 82% yield), was isolated as a colorless oil. ^^C NMR 
25 (CDCI3) 5 173,20, 159.24, 136.27, 134.88, 130,24, 129.98, 129.59, 128.62, 12130, 

115.07, 113.07, 77.87, 71.91, 70.95, 67.46, 57.90, 42.87, 34.03, 32^, 31.57, 27.59, 26.61, 

24.85, 21.81. 
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A! na/?. 4R(\E. ^RY S/?. 6a5]-4-r3-hvftrnxv-:^-f2>indanvnnmpvn-5-hvdmxv-hexahvdr(h 
2f/-cvclopentflfhlfiiran-2-one (36) 

A solution of olefin 35 (0.7 g, 2.2 mraol) (synthesis described in: J. Med Chem, 
1983 . 26, 328) in 10 mL of a 1:1 v:v mixture of methanoiiethyl acetate was hydrogenated in 
5 the presence of 10% Pd/C (50 mg) at 40 psi in a Parr hydrogenation apparatus for Ih. The 
mixture was filtered through Celite and concentrated to afford 36, which was used in the 
next step without further purification. 

B: r3a/?. 4R(}E. 6a^-4-r^-r2-indai^y|V1-rtetrahvdmpvran-2-vloxv)nmnvn-S- 
( tetrah vdmpvran-2*v]oxv)-hexahvdm-2f/-cvclnpentflrblf uraii-2*Qne f37^ 

Compound 36 from above was dissolved in CH2CI2 (30 mL) and the mixture was 
cooled to 0 X. 3,4-dihydro-2ff-pyran was added (0.42 g, 5.0 mmol), followed by P- 
toluenesulfonic acid monohydrate (50 mg, 0.2 mmol). The solution was stirred at room 
temperature for 2h, poured into saturated aqueous NaHCO^, and extracted with CH2CI2. 
The solution was dried over MgS04, filtered, and concentrated, and the residue was 
^ chromatographed on silica gel to afford 0.4 g (36%) of 37 as a viscous oil. NMR 
(CDCI3) 5 7.2 (m. 4 H), 5.0 (m, 1 H), 4.7 (m, 2 H), 



C: (5Z\-(9S. 1 \R 1S/?V1 1.15-Bi.^ftfitrahvdrnpvran-2-vloxvV9-hvdroxv-15-a-indanvlV 
16.17.1S.19.20>pentanor-5-prostenoic acid methvl ester r39) 

To a -78 ®C solution of lactone 37 (0.4 g, 0.8 mmol) in toluene (10 mL) was 
added a 1.5 Af solution of DIBAL-H in hexanc (1 mL, 1 mmol). After stirring for 2 h at 0 
X, isopropanol (0.2 mL) was added, the mixture was poured into a solution of sodium 
potassium tartrate, extracted with ethyl acetate (2 x 50 mL), dried (MgS04), and 
concentrated to afford 0.21 g (52%) of crude lactol 38. 

To a solution of (4-carboxybutyl)triphenylphosphonium bromide (0.13 g, 03 
mmol) in DMSO (6 mL) was added a DMSO solution of sodium methylsulfinylmethide (0.6 
mmol, 0.2 M in DMSO). To the mixture was added dropwise a solution of lactol 38 (0.15 g. 
0.3 mmol) in DMSO (3 mL). The solution was stirred for 16 h at 50 X, cooled to room 
temperature, and quenched by the addition of 10% aqueous citric acid to pH 5.5. The 
mixture was extracted with ethyl acetate, dried (MgS04), filtered, and concentrated. The 
residue was dissolved in acetone (5 mL) and DBU was added (0.15 g, l.Ommol)* followed 
by iodomethane (0.14 g, 1.0 mmol). The solution was stirred for 30 min, poured into water. 
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extracted with ether (2 X 50 mL), dried (MgS04), filtered, and concentrated, and the residue 
was chromatographed on silica gel to eluting with 7:3 hexane:ethyl acetate to furnish 0.2 g 
(98%) of 39. iH NMR (CDCb) 6 7.13 (m, 4H), 5.4 (m, 2H), 4.7 (m, 2H), 4.1-3.8 (m, 4H), 
3.7 (s, 3H), 3.1-2.7 (m, 4HX 2.3 (t, 3H), 2.1 (ra, 2H), 1.9-1.2 (m, 29H). 

D: (5Z)^(\ IR. 15/?V1 1.15-Bi5;(tetr ahvdrnpvran-2-vloxvV15-f2-indanvlVl^ 
pentanor-5-prQstenol (m 

A solution of 39 (0.2 g, 0.4 mmol) in pyridine (20 mL) at 0 **C was treated with 
methancsulfonyl chloride (0.17 g. 1.5 mmol). The mixture was stirred at O^C for 2 h and at 
room temperature for 1.5 h. The solution was poured into saturated aqueous NH4CI and 
extracted with ether (2 x 50 mL). The combined organic extracts were washed with a 
saturated aqueous solution of CUSO4 (3 x 50 mL), dried (MgS04), filtered, and 
concentrated, and the residue was passed through a short column of silica gel eluting with 
1:1 hexane:ethyl acetate to afford 0.25 g (100%) of the 9a-mesylate. 

To a 0 °C solution of the mesylate (0.25 g. 0.4 mmol) in THF (30 mL) was added 
a 1 M solution of LiEtsBH in THF (9 mL, 9 mmol). The reaction was stirred at room 
temperature for 3 d. was added to a saturated aqueous solution of NH4CI (50 mL), extracted 
with ether (50 mL), dried (MgS04), filtered, and concentrated to afford 40 (0.2 g, 68%). 

E: r5Z)-n \R. 1S /?V1 1 J5-Bis(tetrahvdrQPvran-2-vloxv)-15-(2-indanvlV16,17.18.19,2Q- 
pentanor-S-prostenoic acid isopronvl ester (42) 

A solution of 40 (0.2 g, 0.3 mmol), DMF (20 mL), and pyridinium dichromaie 
(L2 g, 3.2 mmol) was stirred for 16 h. The mixture was poured into saturated aqueous citric 
acid (50 mL), extracted with ethyl acetate (2 X 100 mL), dried (MgS04), filtered, and 
concenU-ated to afford 0.2 g of crude acid 41. 

A solution of crude acid 41 (0.2 g, 0.3 mmol) in acetone (30 mL) was treated 
sequentially with DBU (0.5 g, 3 mmol) and 2-iodopropane (0.8 g, 5 mmol). After stirring 
for 16 h, the mixture was poured into water, exu-acted with ethyl aceute (50 mL), dried 
(MgS04)» filtered, and concenuated to afford 42 (66 rag, 37%). 

F: (SZ\-(\\R l.^^Wl 1 J5-dihvdroxv-15-(2-indanvlV 16.17.18J9.mpentanor-5-prostenQic 
acid isnpropvl ester fVI) 
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A solulion of 42 (66 mg, 0. 1 1 mmol) in 7 itiL of a 4:2: 1 v: v:v mixture of acetic 
acid, THF, and water was heated at 50 °C for 30 min and then stirred at room temperature 
for 16 h. The reaction was neuu^alized with NaHCOj, 100 mL of water was added, the 
mixture was extracted with ethyl acetate (2 x 50 mL), the combined organic extracts were 
dried (MgS04), filtered, and concentrated, and the residue was chromatographed on silica 
gel cluiing with 7:3 ethyl acctateihexane to afford VI (18 mg, 41%) as a clear colorless oil. 
IH NMR (CDCb) 5 7.3-7.1 (m, 4H), 5.4 (m, 2H), 5.0 (septet, J = 6.3 Hz, IH), 3.9 (m, IH), 
3.7 (m, IH), 3.1 (M, IH), 2.9 (m, IH), 2.8 (m, IH), 2.6 (m, IH). 2.4 (m, 2H), 2.1 (m, 2H), 
1.8-1.4 (m, 13H), 1.2 (d, J = 6.3 Hz, 6H). NMR (CDCI3) 5 173.3, 143.1, 142.9, 129.4, 
129.3. 126.2, 124.5, 124.3, 79.2, 75.5, 67.5, 53J, 46.1, 44.8, 35.8, 35.4, 34.3, 34.1, 33.9, 
32.7, 29.3, 29.0, 26.7, 25.0, 21,8. 
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The compounds of formula (I) are useful in lowering intraocular pressure 
and thus are useful in the treatment of glaucoma. The preferred route of 
administration is topical. The dosage range for topical administration is generally 
between about 0.001 and about 1000 micrograms per eye (jig/eye) and is 
preferably between about 0.01 and about 100 (Rg/eye) and most preferably 
between about 0.1 and about 20 Hg/eye. The compounds of the present 
invention may be administered as solutions, suspensions, or emulsior\s 
(dispersions) in a suitable ophthalmic vehicle. 

In forming compositions for topical admirtistration, the compounds of the 
present invention are generally formulated as between about 0,000003 and about 1 
percent by weigj\t (wt%) solutions in water at a pH between about 4.5 and about 
8.0. It is preferable to use concentrations between about 0.00003 and about 0.3 
wt% and, most preferably between about 0.002 and about 0.1 wt%. While the 
precise regimen is left to the discretion of the clinician, it is recommended that the 
resulting solution be topically applied by placing one drop in each eye one or two 
times a day. 

Other ingredients which may be desirable to use in the ophthalmic 
preparations of the present invention include preservatives, co-solvents and 
viscosity building agents. 

Antimicrobial Preservatives: 

Ophthalmic products are typically packaged in multidose form, which 
generally require the addition of preservatives to prevent microbial contamination 
during use. Suitable preservatives include: benzalkonium chloride, thimerosal, 
chlorobutanol, mettiyl paraben, propyl paraben, phenylethyl alcohol, edetate 
disodium, sorbic acid, ONAMER M® (polyquatemium-1), or other agents known 
to those skilled in the art Such preservatives are typically employed at a 
concentration between about 0.001 and about 1.0 wt%. 
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Prostaglandins, and prostaglandin derivatives, typically have limited 
solubility in water and therefore may require a surfactant or other appropriate co- 
solvent in the compositiort Such co-solvents include: Polysorbate 20, 60 and 80; 
Pluronic F-68, F-84 and P-103; Tyloxapol; Cremophor® EL; sodium dodecyl 
sulfate; glycerol; PEG 400; propylene glycol; cyclodextrins; or other agents known 
to those skilled in the art. Such co-solvents are typically employed at a 
concentration between about 0.01 and about 2 wt%. 

Viscosity Agents: 

Viscosity greater than that of simple aqueous solutions may be desirable to 
increase ocular absorption of the active compound, to decrease variability in 
dispensing the formulations, to decrease physical separation of components of a 
suspension or emulsion of formulation and/or otherwise to improve the 
ophthalmic formulation. Such viscosity building agents include: polyvinyl 
alcohol; p>olyvinyl pyrrolidone; cellulosic polymers, such as methyl cellulose, 
hydroxy propyl methylcellulose, hydroxyethyl cellulose, carboxymethyl cellulose, 
hydroxy propyl cellulose; carboxy vinyl polymers, such as carbomer 910, carbomer 
940, carbomer 934P and carbomer 1342; or other agents known to those skilled in 
the art. Such agents are typically used at a concentration between about 0.01 and 
about 2 wt%. 
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EXAMPLE 5 

The following Formulations A-C are representative pharmaceutical 
compositions of the invention for topical use in the treatment of glaucoma and for 
lowering of intraocular pressure. Each of Formulations A-C may be formulated in 
accordance with procedures known to those skilled in the art. 
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FORMULATION (wt%) 



INGREDIENT 



Compound II 
Compound IV 
Compound V 

Monobasic Sodium Phosphate 

Dibasic Sodium Phosphate 
(anhydrous) 

Sodium Chloride 

Disodium EDTA 

Cremophof<B EL 

Hydroxypropyl-p-cyclodextrin 

Tyloxapol 

Benzalkonium Chloride 
Polysorbate 80 
HCi and/or NaOH 
Purified Water 



0.01 



0.05 
0.15 

0.75 
0.01 



0.02 
0.15 



B 



0.01 
0.05 
0.15 

0.75 
0.05 
0.01 



0.01 



0.003 

0.05 
0.15 

0.75 
0.05 



0.01 



q.s. to pH 73-7.4 q.s. to pH 73-7.4 q.s. to pH 73-7,4 
q.s. to 100% q.s. to 100% q.s. to 100% 



The invention has been described by reference to certain preferred 
embodiments; however, it should be imderstood that it may be embodied in other 
specific forms or variations diereof without departing from its spirit or essential 
M characteristics. The embodiments described above are therefore considered to be 
illustrative in all respects and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the foregoing description. 
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What is Claimed is: 

1. A method of treating glaucoma and ocular hypertension which comprises 
topically administering to tihe affected eye a therapeutically effective amount of a 
compoxind of formula: 




OH (I) 

wherein: 

Y = C(0)NR,R2, CH2OR3, CHjNR.Rs, COjR,, CO^M where M is a cationic salt 
moiety; 

K, , (same or different) = H, Ci-C^ alkyl or alkenyl, or Cj-C* cydoalkyl; 
R, R3 (same or differei\t) = C(0)R4, H; 

= Cj-Ct alkyl or alkenyl, or C3-C4 cydoalkyl; 
X = O, S(0)^ CHj; 
n = 0, 1, or 2; 

A = CHzCHj, cis or trans CH=CH, or C^; 
Z = CH2CH2, trans CH=CH, or C=C; 

W = (CHj)„ Aryl, (CH2)„OAryl where m = 1-6 and Aryl = phenyl, optionaUy 
substituted with halogen, hydroxy, alkoxy, haloalkyl, amino, or acylamino; or 
W = 




(W2) (W3) 



where V = H, alkyl, halogen, hydroxy, alkoxy, acryloxy, haloalkyl, amino, 
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acylamino, and L = CH^, O. S(0)«. CH^CH^, CHpW CH=N, CH^SCO)^ 
CH=CH, CHjNR where m = 0-2 and R is as defined above. 

2. The method of daim 1, wherein: Y « CO^R,; R^ = CH(CH3)CH3, or H; X = 
CHj; A = CIS CH=CH; R = H; Z = CHjCH^, or trans CH-CH; W - (CHj)^ Aryl or 
(CH2)„OAryl where m = 1-3, and Aryl = phenyl optionally substituted with CFa, 
CI, F, or OMe; or W = Wj. Wj, or W^. 

3. The method of daim 1, wherein between about 0.001 arui about 1000 
micrograms of a compound of formula (I) is administered. 

4. The method of daim 3, wherein between about 0.01 and about 100 
micrograms of a compound of formida (I) is administered. 

5. The method of daim 4, wherein between about 0.05 and about 50 
micrograms of a compound of formula (I) is administered. 
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6. A topical ophthalmic compositiOTi for the treatment of glaucoma and ocular 
hypertension, said composition comprising an ophthalmically acceptable vehide 
and a therapeutically effective amoimt of a compotind of formula: 




"^•^ OH (I) 

wherein: 

Y = C(0)NR,R2, CH2OR3, CHzNRiRi, COjRi, COjM where M is a cationic salt 
moiety; 

R, , Rj (same or different) = H, Q-C^ alkyl or alkenyl, or C3-C4 cycloalkyl; 

R, Rj (same or different) = C(0)R4, H; 

R, = Q-Cj alkyl or alkenyl, or C3-C4 cycloalkyl; 

X = O, S(0)^ CHz; 

n = 0, 1, or 2; 

A = CHjCHj, cis or trans CH=CH, or C2C; 
Z = CH2CH2, trans CH=CH, or CsC; 

W = (CH2)„ Aryl, {CH^JDAiyl where m = 1-6 and Aryl = phenyl, optionally 
substituted with halogen, hydroxy, alkoxy, haloalkyl, amino, or acylamino; or 
W = 




(W2) (W3) 



where V = H, alkyl, halogen, hydroxy, alkoxy, acryloxy, haloalkyl, amino, 
acylamino, and L = CHj, O, S(0)^ CHjCHj, CHjO,NR, CH=N, CH2S(0)^ 
CH=CH, CHjNR where m = 0-2 and R is as defined above. 
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7. The composition of claim 6, wherein: Y = COjR,; = CH(CH3)CH3, or H; 
X = CH^; A = cis CH=CH; R = H; Z = CH^CHy or trans CH=CH; W = (CHj)^ Aryl 
or (CHJ^OAryl where m = 1-3, and Aryl = phenyl optionaUy substituted with 
CF3, a, F, or OMe; or W = W,, W2, or W3. 

8. The composition of claim 6, wherein between about 0.001 and about 1000 
micrograms of a compound of formula (I) is administered. 

9. The composition of claim 8, wherein between about 0.01 and about 100 
micrograms of a compound of formula (I) is administered. 

10. The composition of claim 9, wherein between about 0.05 and about 50 
micrograms of a compound of formula (I) is administered. 

11. A compound of formula: 



Y = C(0)NR,R2, CH2OR3, or CHjNRiR^; 

Ri , R2 (same or different) = H, C^-C^ alkyl or alkenyl or Q-C^ cycloalkyl; 

R, Rg (same or different) = C(0)R^ H; 

R4 = Cj-C^ alkyl or alkenyl, or Cj-C^ cycloalkyl; 

X = O, S(0)^ or CH2; 

n = 0, 1, or 2; 

A = CHjCHi^ CIS or trans CH=CH, or C^; 

Z = CH2CH2, trans CH^CH, or CsC; 

W = (CHj)^ Aryl or (CH2)„OAryl; m = 1-6; and 

Aryl = phenyl, optionally substituted with halogen, hydroxy, alkoxy, haloalkyl, 
amino, or acylamino. 




OR 



OH 



(D 



wherein: 
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12. The compound of claim 11, wherein: Y = CH2OR3 or C(0)NRiR2; R2 
(same or different) = H or Me; R3 = C(0)R,; R^ = €(0^3)3; X = CH^; A = cis 
CH=CH; R = H; Z = CHjCHj or trms CH^H; W = (CHj)^ Aryl or (CH2)„OAryl; 
m = 1-3; and Aryl = phenyl, optionally substituted with CF3, CI, F. 



13. A compound of the formula: 



a 



w 

2 — ( 

OH ^I) 

wherein: 

Y = C(0)NR,R2, CHjORa, CHiNRiRj, COiR,, COjM where M is a cationic salt 
moiety; 

R, , R2 (same or different) = H, C,-Cs alkyl or alkenyl, or C3-C4 cydoalkyl; 

R, R3 (same or different) = C(G)R4, H; 

R, = C1-C4 alkyl or alkenyl, or CyC^ cydoalkyl; 

X = O, S(0)^ CHj; 

n = 0, 1, or 2; 

A = CHjCHj, cis or trans CH=CH, or C=C; 
Z = CHiCHv trans CH=CH, or C^; 
W = 



-V or 




(W3) 



V = H, alkyl, halogen, hydroxy, alkoxy, aayloxy, haloalkyl, amino, acylamino. 
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and L = CHj, O, S(0)^ CH^CHj, CHjO^ CH=N, CH^O)^ CH=CH, CHjNR 
where m = 0-2 and R is as defined above. 

14. The compound of claim 13 wherein Y = CO2R1; X = CH2; A = ds CH=CH; 
R = H; R, = H or CH(CHa)j; Z « CHjCHj, or trans CH=CH; W = Wj; L = CHj; and 
V = H. 

15. The compound of claim 14 having the formula: 




(VI). 
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